Mechanisms of hepatocyte growth factor-mediated signaling in differentiation of pancreatic ductal epithelial cells into insulin-producing cells.
Pancreatic ductal epithelial cells (PDECs) were induced to differentiate into insulin-producing cells by hepatocyte growth factor (HGF) in our previous study, but the mechanism through which this induction occurs is still unknown. HGF is a ligand that activates a tyrosine kinase encoded by the c-Met proto-oncogene. This activation is followed by indirect activation of multiple downstream signal transduction pathways (including MAPKs and the PI3K/AKT signaling pathways) that initiate various biological effects. Therefore, we speculated that the differentiation of PDECs is through either the MAPK signaling pathway or the PI3K/AKT signaling pathway. To test this hypothesis, isolated PDECs from adult rats were stimulated by adding HGF to their medium for 28days. Then, the expression levels of several protein kinases, including MAPKs (ERK1/2, p38, and JNK) and AKT, were determined by Western blotting to determine if specific protein kinases are activated in these pathways. Subsequently, re-isolated from adult rats and cultured PDECs were pre-treated with specific inhibitors of proteins shown to be activated in these signaling pathways; these cells were then induced to differentiate by the addition of HGF. The expression levels of protein kinases were determined by Western blotting, and the differentiation rate of insulin-positive cells was determined by flow cytometry. The change of PDEC differentiation rates were compared between the groups in which cells with or without inhibitors pretreatment to determine the specific signaling pathway(s) that may be involved in HGF-induced differentiation of PDECs. After isolating PDECs and stimulating them with HGF for 28days, the expression levels of phosphorylated ERK1/2 as well as total and phosphorylated AKT of cultured cells were significantly increased compared to the normal control group (p<0.05), suggesting that the signaling pathways involving ERK1/2 and Akt (MEK-ERK and PI3K-AKT) are activated during HGF-induced PDEC differentiation. MEK1/2 or PI3K inhibitors were separately added to the culture medium of PDECs pre-treated with HGF. These results show that compared to the HGF-treated group, the differentiation rate of insulin-positive cells was significantly decreased in the HGF/LY294002 (PI3K inhibitor) group (13.47+/-1.57% vs. 33.47+/-1.34%, p<0.05); however, the differentiation rate of insulin-positive cells was not significantly different in the HGF/PD98059 (MEK1/2 inhibitor) group. These data suggest that HGF induces PDECs to differentiate into insulin-producing cells through the PI3K/AKT signaling pathway.